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Abstract 
Modification of the asphalt mixtures by using the waste materials is one approach that is taken to 
improve the flexible pavement performances. This study presents the feasibility and practicality 
of using recycled waste glass as fine aggregate in hot mix asphalt (HMA). It focused on 
deformation characteristics of waste glass reinforced Hot Mix Asphalt. Laboratory investigation 
had been conducted on the samples of Asphaltic Concrete Wearing Coarse (ACW 14). The 
testing undertaken in this study are Marshall Test, Resilient Modulus Test, Dynamic Creep Test 
and Wheel Tracking Test. The crushed waste glass used to replace fine aggregate were added in 
a variety of proportions such as 5% , 10%, 15% and 20% where all the percentages are 
calculated by weight of mixes. The HMA without glass are prepared as a control sample. 
Marshall Test had been carried out in this study to establish the optimum bitumen content (OBC) 
and to know the effects of waste glass on mix design parameters. Resilient Modulus Test is used 
to determine the loading effect in the mix, whereas Dynamic Creep Test and Wheel Tracking 
Test are carried out to identify the deformation performances of Asphaltic mixture. The 
modified mixtures with added waste glass were compared to conventional mixture, and finally 
the differences of deformation characteristic are stated. It was found that ideal glass percentage 
is 5%. Additional of glass with 5% gave better results in resisting the deformation against 
dynamic load and may be used in heavy traffic conditions. 
Keywords: Waste glass, fine aggregate, hot mix asphalt, and deformation characteristics 
1.0 Introduction 
Scientist and engineers are constantly trying 
to improve the performance of asphalt 
pavements. With political encouragement, 
there are attempts to make use of waste 
materials in asphalt to replace virgin 
aggregate. At present, the per capita 
generation of solid waste in Malaysia varies 
from 0.45kg/day to 1.44 kg/day depending 
on the economic status of an area. In 
general, the per capita generation rate is 
about 1 kg/day (1). According to this 
situation, the utilization of recycled waste 
glass to improve the performance of road 
pavement is a potential solution to this issue. 
Surface deformations have been one of 
the primary concerns of pavement designers, 
contractors, and federal and local highway 
agencies for decades. Deformation takes 
place when a road surface undergoes 
changes from its original constructed profile. 
There are two types of permanent 
deformation that will be covered in this 
study, which are rutting, a measure of 
horizontal deformation and depression, a 
measure of vertical deformation. 
The literature is done by studying 
reference books, related highway journals, 
and thesis on similar research that have been 
conducted before. The purpose of literature 
review on relevant topics is to increase the 
knowledge on related studies. In addition, it 
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will present a guideline to conduct the study glass as a part of materials in hot mix 
successfully. asphalt pavement. 
2.0 Problem Statement 
Generally the increasing rate of road traffic 
volume will cause some failure to pavement 
in the terms of strain and deformation. The 
increased of traffic loading will shorten 
lifetime of road pavement and maintenance 
work have to be done frequently. It is 
thought that the addition of waste glass to 
asphalt mixtures enhance material strength 
and fatigue resistance while adding ductility. 
The principal functions of waste glass, as 
reinforcement material is to provide 
additional tensile strength in the resulting 
composite. This may increase the strain 
energy that can be absorbed during the 
fatigue and fracture process of the mix (2). 
Flexible pavement has sufficiently low 
bending resistance to maintain intimate 
contact with the underlying structure or 
base, yet has the required stability to support 
traffic loads. As the traffic loads increased 
over a period of time, the road pavement 
will give failures like rutting, depression, 
cracking and distortion (3). The maintenance 
of the road is costly, so it is important to 
find a solution to upgrade the performance 
of the asphalt mixture. 
According to Malaysia country report, 
2001(1), the government has launched again 
the recycling campaign on 2 December 
2000. It has targeted 2 2 % of waste to be 
recycled by 2020. One of the waste 
materials that can be recycled is waste glass. 
According to the percentage of recyclables 
collected by type recorded by A lam Flora 
Sdn Bhd. in December 2005, 23 tone of 
waste glass has been recycled which is 2% 
from the total solid waste that can be 
recycled. 
With all the problems stated above, this 
study is implemented to perform the 
feasibility and practicality of using waste 
3.0 Objectives of Study 
1. To study the effects of four different 
percentage of waste glass on mix design 
parameters in HMA. 
2. To obtain the percentage of waste glass 
that gives the best value of MR. 
3. To identify the maximal depression 
value of as asphalt mixtures by using the 
percentage of waste glass that perform 
the best value of MR 
4. To identify the rutting performance of 
asphalt mixtures by using the 
percentage of waste glass that gives the 
maximal depression value, which is 
obtained from the Dynamic Creep test. 
4. To compare the results between 
reinforced and non-reinforced waste 
glass in HMA. 
4.0 Scope of Study 
This is a study on deformation 
characteristics of waste glass reinforced 
HMA. The asphalt use is asphalt concrete 
type (ACW 14) based on the JKR 
specification, with bitumen grade 80/100. 
The crushed waste glass is used to replace 
the fine aggregate and will be added to 
asphalt mixture in various proportions which 
consist of 5%, 10%, 15% and 20% by 
weight of mixes. The conventional mixes 
will be prepared as a control sample. To 
evaluate the effect of the waste glass on the 
hot mix asphalt mixture, laboratory 
investigations are conducted on the samples 
with and without waste glass. The laboratory 
testing undertaken in this study comprises of 
Marshall Test, Resilient Modulus Test, 
Dynamic Creep Test and Wheel Tracking 
Test. 
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constant parameter with a value equal to 3/8 
inch or 4.75mm. 
5.3 Marshall Test 
At the first stage of Marshall Test, optimum 
bitumen content is determined by using 
different percentages of bitumen, which are 
5.0%, 5.5%, 6%, 6.5% and 7% (JKR / SPJ 
/1988). Whereas, at the second stage, an 
effects of four different percentages of waste 
glass on mix design parameters is evaluated 
by using optimum bitumen content, which 
are optimum bitumen content value, 0.5% of 
additional and lesser of optimum bitumen 
content value. At this stage, fine aggregates 
or quarry dust will be replaced by four 
different percentage of waste glass, there 
are; 5%, 10%, 15% and 20%. 
From this test, there were six parameters 
that were being valued, that are density, 
stability, flow, stiffness, void in mixture 
(VTM), and void fill with bitumen (VFB). 
5.4 Resilient Modulus Test. (AS 2891.13.1). 
The Resilient Modulus test is a kind of Non-
destructive test, which it is implemented to 
evaluate the stiffness performance of asphalt 
mixture with and without containing waste 
glass. The series of samples are as follow: 
Table 1: The Series of Resilient Modulus 
% Bitumen Content % Glass 
0 5 10 15 20 
OBC + 0 .5% 3 3 3 3 3 
OBC 3 3 3 3 3 
O B C - 0 .5% 3 3 3 3 3 
5.5 Dynamic Creep Test (AS 2891.12.1). 
Dynamic Creep Test is implemented to 
study on deformation characteristic of 
asphalt mixture with containing glass. In 
this test, the optimum percentage of waste 
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5.0 Methodology of Study 
Before the testing was carried out, planning 
and identifying the methodology of study is 
very important to assure the smooth 
implementation process of this study. 
5.1 Preparation of Samples 
Aggregates that are used in this study 
consist of coarse aggregate, fine aggregate 
and filler. Coarse aggregate comprises 
14mm and 10mm aggregate sizes, quarry 
dust as a fine aggregate, and cement as a 
filler. 
Bitumen grade 80 / 100, with a good 
condition is used by following specification. 
It is a main material in mixture design, 
which it function as a binder. Usage 
percentage of this material is referred to the 
JKR/SPJ/1988 that is between 5.0% and 
7.0%. 
Glass used in this study is clean glass 
culets, which are obtained from Kuala 
Lumpur Glass Manufacturer. This glass then 
is crushed to the desire size that is 3/8 inch. 
Sieve test and specific gravity test is 
conducted on all aggregates materials. . 
5.2 Aggregates Mixture 
Aggregates mixture is prepared for mixture 
containing glass and mixture without 
containing glass as a control sample. The 
crushed of waste glass is added to bitumen 
in varied proportions between 5%, and 20% 
by weight of mixes. 
For control mixture, coarse aggregate is 
comprises 14mm and 10mm aggregate sizes, 
quarry dust as a fine aggregate, and cement 
as a filler. For mixture containing glass, all 
the materials are same as control mixture, 
except that the proportion of quarry dust is 
replaced by proportion of glass. The size of 
waste glass in this mixture is preserved as 
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summary of the proportion for each 
aggregate. 
Table 2: The proportion of aggregates 
Material % % % % % 
Aggregate 14mm 27 27 27 27 27 
Aggregate 10mm 23 23 23 23 23 
Quarry Dust 45 40 35 30 25 
Glass 0 5 10 15 20 
Cement 5 5 5 5 5 
6.2 Specific Gravity (ASTMC 127 & ASTM 
C 128) 
The specific gravity test for each coarse 
aggregates and fine aggregates had been 
carried out to determine the SG value of 
each aggregate. Specific gravity for cement 
filler is stated as 3.20 and specific gravity 
for bitumen with penetration 80/100 is stated 
as 1.01. The SG value is used in Marshall 
Stability and Flow test to determine the 
value of optimum bitumen content and 
optimum glass content. The SG value for 
each aggregate is shown in Table 3 and the 
SG value for combined aggregate is shown 
in Table 4. 
Table 3: Specific gravity for aggregates 
Material Specific 
Gravity 
Aggregate 14mm 2.559 
Aggregate 10mm 2.555 
Quarry Dust 2.679 
Glass 2.644 
Cement 3.20 
Bitumen 1.01 
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glass, which performed the optimum 
resilient modulus (MR) in the Resilient 
Modulus Test, is taken to determine the 
deformation performance of asphalt mixture 
with containing glass. 
5.6 Wheel Tracking Test (BS DDI84 - 1990) 
Wheel Tracking Test is implemented to 
evaluate the permanent deformation or 
rutting along the wheel path of flexible 
pavement due to repeated movement of 
traffic. Rutting on the hot mix asphalt can be 
analyzed by the relationship of the depth of 
rutting and lifetime cycle (time). 
This test is carried out to evaluate the rutting 
performance of asphalt mixture by using the 
percentage of waste glass that given the best 
value of resilient modulus (MR) in the 
Resilient Modulus Test. The optimum 
bitumen content will be taken as bitumen 
content for this test 
6.0 Data Analysis and Discussion 
6.1 Sieve Test (ASTMC 136) 
Sieve test is implemented to obtain 
aggregate grading combination based on the 
gradation limits for ACW 14 (JKR / SPJ / 
1988). The gradation result of aggregate 
14mm, 10mm, quarry dust, glass and cement 
filler is obtained from this test. 
6.1.1 Aggregate Proportion 
According to the gradation results that has 
been obtained from the sieve test, all the 
data is calculated to yield the gradation of 
combined aggregate. The limitation for 
combined aggregate grading is based on 
ACW 14 (JKR/SPJ/1998) .By using the try 
and error method, the gradation of the 
combined aggregate is adjusted to fulfill the 
limitation of ACW 14. Table 2 shows the 
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Table 4: Specific gravity for combine 
aggregates 
Material % % % % % 
Aggregate 27 27 27 27 27 
14mm 
Aggregate 23 23 23 23 23 
10mm 
Quarry 45 40 35 30 25 
Dust 
Glass 0 5 10 15 20 
Cement 5 5 5 5 5 
Total 100 100 100 100 100 
SG 2.638 2.636 2.634 2.632 2.630 
Mixture 
According to the SG test results, the 
gradation for mixes designed can be 
accepted because the SG value for coarse 
and fine aggregate is near to the same value. 
Normally, aggregate with high specific 
gravity is a strong aggregate. Based on the 
SG result, it shows that the SG value of 
glass is near to the quarry dust SG value. 
Therefore, the glass is suitable to replace 
quarry dust as a fine aggregate in asphalt 
mixture. 
6.3 Marshall Test (ASTMD 1559-82) 
The Marshall stability-flow test had been 
carried out to determine the Optimum 
Bitumen Content for ACW 14 design 
mixture. All the results are compared with 
JKR/SPJ/1988 standard. The OBC value is 
obtained with a consideration of density, 
VTM, VFB and stability graphs. Table 5 
shows the percentage of bitumen with 
Marshall Parameter. 
Table 5: Percentages of Bitumen content 
with Marshall Parameter 
Parameter % Bitumen Content 
Density 5.50 
VTM 5.75 
VFB 6.10 
Stability 5.00 
OBC 5.60 
From the above table, the OBC value is 
5.6%. According to the OBC value, 
comparison was made between Marshall 
Parameter with JKR Specification Limit. It 
shows that the values comply with all JKR 
requirements. 
The Marshall Test was also carried out 
in determining the optimum glass content. 
The results is obtained with a consideration 
of all Marshall Parameter values and 
compared to JKR specification. Table 6 
shows the summary of test result for 
different percentages of glass content at 
different percentages of bitumen content. 
Table 6: Percentage and parameter 
control of Bitumen content 
% Bitumen % Glass Parameter 
Content Content Control 
> 5 % and < V T M 
5.1 1 5 % 
> 5 % VFB 
5.6 < 5 % V T M 
6.1 < 5 % V T M 
According to the above data, the result 
of Marshall Stability flow test parameter is 
uncertain with increasing glass content. 
Percentage of glass content uses is 
dependent on bitumen content. Based on the 
results, it show that the ideal glass content 
that meet with ACW 14 mixture should not 
be more than or equal to 5% with the OBC 
value is 5.6%. 
6.4 Resilient Modulus Test (AS 2891.13.1). 
The Resilient Modulus Test was carried out 
to measures the stiffness modulus of asphalt 
mixes. It was carried out by using the 
Universal Testing Machine (UTM). The test 
was conducted with estimated resilient 
modulus at lOOOMPa at 25°C and 35°C. 
Table 7 and Table 8 show the Resilient 
Modulus values for each bitumen content 
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and glass content at temperature 25°C and 
35°C. 
Table 7: Resilient Modulus values for 
each bitumen content and glass content at 
if Mei 2007 
% Bitumen 
% Glass 5.1 5.6 6.1 
Resilient Modulus (MPa) 
0 3389.7 3281.3 2327.3 
5 3701.0 3785.7 2461.0 
10 3580.3 3128.0 2105.0 
15 3398.0 2676.7 2279.3 
20 2342.7 2271.0 2070.7 
Resilient Modulus vs Bitumen Content 
5.6 6.1 
Bitumen Content (%) 
Figure 1: Graph Resilient Modulus versus 
Bitumen Content at 25°C 
Table 8: Resilient Modulus values for 
each bitumen content and glass content at 
temperature 35°C 
% Glass 5.1 
% Bitumen 
5.6 6.1 
0 1490.7 914.7 787.3 
5 2379.3 1810.7 1234.7 
10 1891.7 1568.7 1034.0 
15 1662.7 1323.7 785.7 
20 1342.0 748.0 701.0 
Resilient Modulus vs Bitumen Content 
2500 
2000 
•= 1500 
1000 
= 500 
• 0% 
• 5% 
• 10% 
D15% 
• 20% 
5.6 
Bitumen content (%) 
Figure 2: Graph Resilient Modulus versus 
Bitumen Content at 35°C 
According to the analyzed results, resilient 
modulus increased with additional of 5% of 
glass content and decrease with increment of 
more than 5% of glass into the mixture. The 
data above shows that the resilient modulus 
value of samples decreased with increasing 
temperature and bitumen content. At higher 
temperature, the bitumen content in samples 
will be easier to melt and samples become 
soft and easier to deform. Resilient modulus 
influenced the bending characteristic of 
asphalt mixes. It is important to determine 
the flexibility and potential of asphalt 
pavement in road cracking resistance caused 
by repeated traffic loading. The best value 
of resilient modulus, which is suggested by 
IKRAM Research Centre, is in range of 
2000 - 3000MPa (5). 
6.5 Dynamic Creep Test (AS 2891.12.1). 
Dynamic Creep Test was conducted to study 
on the deformation characteristic of asphalt 
mixture with containing glass. The test 
condition consists of a deviator stress, o, of 
200KPa is applied to a specimen for a 2000 
cycle at a temperature 30°C. Table 9 shows 
the summary of data. 
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Table 9: Dynamic creep test result Table 10: Wheel tracking test result 
% 
Glass 
% 
Bitumen 
Min 
Slope 
(um/m/c) 
Permanent 
Deformation 
(mm) 
Creep 
Stiffness 
(N4Pa) 
5.1 -0.2369 0.0649 304.8 
0 5.6 -0.1221 0.0423 472.5 
6.1 0.1050 0.1874 106.0 
5.1 0.0561 0.3390 101.7 
5 5.6 -0.0468 0.1065 260.2 
6.1 -0.5946 0.3444 58.3 
The data above were compared with the 
typical value for laboratory minimum creep 
slope which is referred to Australian guide. 
According to this typical dynamic plot 
figure, the smaller the minimum slope value, 
the better expected deformation resistance of 
the mix. Based on the results in Table 9, the 
minimum slope value at temperature 30°C 
for all samples is less then 1, so that this 
mixture can be used in very heavy traffic 
condition. For normal traffic flow for 
commercial design, a very heavy traffic 
condition can support more than 1000 
vehicles/lanes/day and besides the stopping 
or starting traffic, climbing lanes and slow 
moving vehicles for commercial design, this 
mixture can support more than 500 
vehicles/lanes/days (6). 
6.6 Wheel Tracking Test (BSDD184 - 1990) 
Wheel tracking test was carried out for two 
samples, one of the sample contains 5% of 
glass and another samples without 
containing glass as a control sample. The 
optimum bitumen content is used as bitumen 
content for this test. The comparison 
between the sample with the sample 
containing glass content and control sample 
will be made. Wheel tracking test results 
are as shown in Table 10 and the graphs are 
plotted in Figure 3 and Figure 4. 
% of Waste Glass BS Rut Depth Rutting 
0 0.98mm/hr 3.33mm 
5 0.94mm/hr 3.11mm 
Deformation (mm) versus Cycles time (mins) 
100 150 
Cycles Time (mins) 
Deformations (mm) I 
Figure 3: Deformation (mm) versus 
cycle's time (mins) for samples with 
containing 0% of glass 
Deformations (mm) versus Cycles time (mins) 
3.5 
? 3 
E 2.5 
I 2 
« 1.5 
I 1 
100 150 
Cycles time (mins) 
Figure 4: Deformation (mm) versus 
cycle's time (mins) for samples with 
containing 5% of glass 
Based on the results, it shows that the 
asphalt mixture without containing glass 
deformed higher than asphalt mixture with 
containing glass. The small different of 
rutting value between this two mixture is 
caused by the low percentage of glass added 
to the mixture. The result indicated that the 
glass has the potential to resist structural 
distress that occur in road pavement as result 
increased traffic loading, thus improved road 
pavement life by increasing the resistance to 
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cracking and permanent deformation of 
bituminous mixes 
7.0 Conclusion 
Upon conducting the entire laboratory 
testing, asphalt mixture with containing 
glass shows it deform lower than a mixture 
without containing glass. Asphalt mixture 
which incorporates some percentage of 
waste glass shows that it fulfills the 
specifications of JKR/SPJ/1988 for ACW 14 
mixture. Based on this study, it was found 
that the ideal glass content that can meet 
with ACW 14 mixture is not more than or 
equal to 5% with the OBC value is 5.6%. 
Besides, the Resilient Modulus Test 
result shows that at 5% of glass content, the 
value of resilient modulus is better than 
other mixture. Resilient modulus influenced 
the bending characteristic of asphalt mixes. 
It is important to determine the flexibility 
and potential of asphalt pavement in road 
cracking resistance caused by repeated 
traffics loading. The best value of resilient 
modulus, which is suggested by IKRAM 
Research Centre, is in range of 2000 -
3000MPa. 
In Dynamic Creep test, the mixture 
shows that this value can be used in very 
heavy traffic condition where for normal 
traffic flow, it can support more than 1000 
vehicles/lanes/day and besides the stopping 
or starting traffic, climbing lanes and slow 
moving vehicles for commercial design, this 
mixture can support more than 500 
vehicles/lanes/days. 
Other that, in Wheel Tracking test, the 
asphalt mixture without containing glass 
deformed higher than asphalt mixture 
containing glass. The small different of 
rutting value between this two mixture is 
caused by the low percentage of glass added 
to the mixture. The result indicated that the 
glass has the potential to resist structural 
distress that occur in road pavement as result 
increased traffic loading, thus improved road 
pavement life by increasing the resistance to 
cracking and permanent deformation of 
bituminous mixes 
As a conclusion, the deformation 
characteristics of waste glass in asphalt 
pavement had been evaluated in this study. 
At the value of Optimum Bitumen Content 
OBC, 5.6%, the asphalt mixture with 
containing 5% of waste glass deformed 
lower than the asphalt without containing 
glass. Therefore it can be concluded that 
glass perform better as a fine aggregate in 
term of resistance in pavement deformation 
characteristics. 
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